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A B S T R A C T

Purpose
Recent genome-wide screens have identified genetic variations in ARID5B associated with
susceptibility to childhood acute lymphoblastic leukemia (ALL). We sought to determine the
contribution of ARID5B single nucleotide polymorphisms (SNPs) to racial disparities in ALL
susceptibility and treatment outcome.

Patients and Methods
We compared the association between ARID5B SNP genotype and ALL susceptibility in whites
(� 95% European genetic ancestry; 978 cases and 1,046 controls) versus in Hispanics (� 10%
Native American ancestry; 330 cases and 541 controls). We determined the relationships between
ARID5B SNP genotype and ALL relapse risk in 1,605 children treated on the Children’s Oncology
Group (COG) P9904/9905 clinical trials.

Results
Among 49 ARID5B SNPs interrogated, 10 were significantly associated with ALL susceptibility in
both whites and Hispanics (P � .05), with risk alleles consistently more frequent in Hispanics than
in whites. rs10821936 exhibited the most significant association in both races (P � 8.4 � 10�20

in whites; P � 1 � 10�6 in Hispanics), and genotype at this SNP was highly correlated with local
Native American genetic ancestry (P � 1.8 � 10�8). Multivariate analyses in Hispanics identified
an additional SNP associated with ALL susceptibility independent of rs10821936. Eight ARID5B
SNPs were associated with both ALL susceptibility and relapse hazard; the alleles related to higher
ALL incidence were always linked to poorer treatment outcome and were more frequent
in Hispanics.

Conclusion
ARID5B polymorphisms are important determinants of childhood ALL susceptibility and treatment
outcome, and they contribute to racial disparities in this disease.

J Clin Oncol 30:751-757. © 2012 by American Society of Clinical Oncology

INTRODUCTION

Acute lymphoblastic leukemia (ALL) is the most
common type of cancer in children.1 Substantial
racial differences exist in both the incidence and
treatment outcome of childhood ALL. Among ma-
jor racial/ethnic groups in the United States, the
incidence of ALL during childhood and adolescence
is significantly higher in Hispanics than in other
groups (incidence rates: blacks � whites and
Asians � Hispanics).2-5 Treatment outcome of ALL
also varies by race/ethnicity: Hispanic and black
children fare worse than white and Asian children

with the same disease.6-8 Although there is some
evidence that the survival disparity in black children
can be mitigated by contemporary risk-adapted ALL
therapy,9 the outcome differences between Hispan-
ics and whites have persisted.6,7,10,11 Because popu-
lations with different geographic ancestry (ie, racial/
ethnic groups) are well distinguished by genetic
polymorphisms,12 it is conceivable that these
ancestry-related genomic variations may contribute
to racial disparities in the incidence and outcome of
ALL, in conjunction with environmental/socioeco-
nomic factors.13,14 In fact, the higher risk of ALL
relapse in Hispanic children is at least partly
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attributable to genomic variations characteristic of Native American
(NA) genetic ancestry.10

Until recently, the role of inherited genetic variation in ALL
predisposition remained controversial because prior genetic studies
focusing on candidate genes (eg, those involved in the folate pathway
and xenobiotic metabolism/transport) have not demonstrated consis-
tent evidence of association with these genetic polymorphisms.15-17 In
contrast, in genome-wide association studies, we and others have
independently identified single nucleotide polymorphisms (SNPs) in
the ARID5B gene that are strongly associated with ALL susceptibil-
ity.18,19 This finding has been repeatedly confirmed in subsequent
studies.20-24 The question then arises: What is the contribution of
ARID5B genetic polymorphisms to racial differences in ALL inci-
dence? Interestingly, ARID5B genetic variation has also been linked to
interpatient variability in antileukemic drug (methotrexate) metabo-
lism,18 arguing for its possible effects on ALL treatment outcome (and
racial differences) as well.

In this study, we evaluated 49 common germline SNPs in the
ARID5B gene and compared their association with childhood ALL
susceptibility and treatment outcome in white versus His-
panic children.

PATIENTS AND METHODS

ALL Cases and Genotyping

The ALL cases investigated comprised 1,605 children with newly diag-
nosed B-precursor ALL who were treated on the Children’s Oncology Group
(COG) P9904/P9905 clinical trials25 whose germline DNA was successfully
genotyped by using the Affymetrix SNP Array 6 (Affymetrix, Santa Clara,
CA).10 Genotype calls (coded as 0, 1, and 2 for AA, AB, and BB genotypes) were
determined by the Birdseed algorithm.26 SNPs with a minor allele frequency
less than 1% and/or a call rate less than 95% were excluded.10 In subsequent
genotype-phenotype association studies, we included 49 SNPs within 10 Kb
upstream or downstream of the ARID5B gene. This study was approved by the
institutional review boards, and informed consent was obtained from parents,
guardians, or patients, as appropriate. Patients included in the genetic associ-
ation analyses represented 85.3% (1,605 of 1,882) of total enrolled participants
on the COG P9904/9905 treatment protocols (Data Supplement).

Non-ALL Controls

We obtained genome-wide SNP genotypes from four non-ALL cohorts:
the Genetic Association Information Network (GAIN) schizophrenia cohort
(database of Genotypes and Phenotypes [dbGAP] phs000017.v3),27,28 unre-
lated Mexican samples in HapMap III (MEX), the Human Variation Panel
(HD100MEX), and Mexican participants in the Genetics of Asthma in Latino
Americans (GALA) study.29 All samples were genotyped by using the Af-
fymetrix SNP Array 6. Because of the extremely low incidence of survivors of
childhood ALL in the general population (� 1:10,000), these groups were used
as non-ALL controls.18,19

Genetic Ancestry-Based Race Classification

Genetic ancestry was determined by using STRUCTURE (version
2.2.3),10,30 on the basis of genotypes at 30,000 SNPs randomly selected from
the Affymetrix array. HapMap samples from descendants of Northern Euro-
peans (CEU, n � 90), West Africans (YRI, n � 90), East Asians (CHB/JPT,
n � 90), and NA references (n � 105)31 were used to represent European,
African, Asian, and NA ancestries, respectively. We assumed that these four
ancestries sum to 100% in each patient. For all analyses, whites were defined as
having more than 95% European genetic ancestry and Hispanics were defined
as having more than 10% NA genetic ancestry, respectively.

Association Between ARID5B SNP Genotype and

ALL Susceptibility

Case-control association analyses were performed for two racial/ethnic
groups as defined by genetic ancestry: whites (978 children with ALL and 1,046
non-ALL controls [GAIN]) and Hispanics (330 Hispanic children with ALL
and 541 Hispanic controls [HapMap MEX, HD100MEX, and GALA]). For
each of the 49 ARID5B SNPs, association between SNP genotype and ALL
status was determined by comparing genotype frequencies between ALL cases
and controls in each race group by logistic regression, with genetic ancestry as
a covariate to avoid population stratification.10 To determine whether the SNP
genotypes were independently associated with ALL susceptibility, SNPs related
to ALL in univariate analyses (P � .1) were subjected to forward selection–
based multivariate analyses32 in each population: the SNP with the strongest
association would enter the model first, followed by additional SNPs that
remained associated with ALL in the presence of polymorphisms already in the
model. For association analyses combining rs10821936 and rs7915732, we first
grouped Hispanic individuals on the basis of the number of risk alleles at these
two SNPs: those carrying more than two copies of risk alleles (homozygous for
the risk allele for at least one SNP or heterozygous at both SNPs), those
carrying one copy of the risk allele (heterozygous at either one of the two SNPs
but not both), and those carrying zero copies of risk alleles (homozygous for
the nonrisk allele at both SNPs, as reference). The odds ratio (OR) for devel-
oping ALL was estimated by comparing each of the two risk allele-carrying
groups with the reference group.

ALL genetic subtype was defined on the basis of chromosomal abnor-
malities in leukemic blasts: ETV6-RUNX1 fusion, TCF3-PBX1 fusion, and
hyperdiploidy (DNA index � 1.16). No patient in the COG P9904/9905
studies had the BCR-ABL fusion or MLL rearrangements,25 and patients
without any known chromosomal abnormalities were grouped as “B other.”
Associations between germline SNP genotype and ALL subtype, sex, and age at
diagnosis (� 10 years v � 10 years) were determined by the �2 test for all 49
ARID5B SNPs.

Relation of ARI5B SNP Genotype to NA Ancestry

We examined the relationship between ARID5B SNP genotypes and NA
ancestry in two analyses. First, we estimated local ancestry (European, African,
or NA) at each ARID5B SNP in 330 Hispanic patients by using Local Ancestry
in Admixed Populations (LAMP),33 with HapMap CEU, YRI, and NA refer-
ences as reference ancestral populations. The association between genotype
and the inferred percentage of NA ancestry at each SNP was assessed by Spearman
rank correlation. Second, to confirm the population differences in genotype fre-
quency at rs10821936, we also genotyped this SNP in five indigenous NA popula-
tions from Guatemala (Kaqchikel and Kiche) and Mexico (Zapotec, Mixtec, and
Mixe) by TaqMan assay (Applied Biosystems, Foster City, CA).

Association Between ARID5B SNP Genotype and Treatment

Outcome in the COG P9904/9905 Studies

Relapse was defined as bone marrow and/or extramedullary relapse.
Lineage switch, second malignancy, and death during remission were consid-
ered as competing events. Association of SNP genotype with relapse risk was
determined by using the Fine and Gray model,34 stratifying by treatment arms
A, B, C, and D in the COG P9904/9905 regimens. An additive genetic model
was used (ie, relapse risk is proportionally associated with the number of copies
of the risk allele at an SNP),10,35 and genetic ancestry was included as a
covariate to control for population stratification.10 In multivariate analyses,
the association of SNP genotype with relapse was evaluated after adjusting for
minimal residual disease (MRD) status (at least 0.01% v less than 0.01%) at the
end of remission induction therapy (day 29).25 Associations between SNP
genotype and overall survival were determined by the Cox regression test.

RESULTS

Association of ARID5B SNP Genotype With ALL

Susceptibility in Whites and Hispanics

To identify genetic variations associated with ALL in each popu-
lation, we first compared genotype frequencies at 49 ARID5B SNPs

Xu et al

752 © 2012 by American Society of Clinical Oncology JOURNAL OF CLINICAL ONCOLOGY



between ancestry-matched ALL cases and controls: between 978 white
children with ALL and 1,046 white controls (� 95% European genetic
ancestry); between 330 Hispanic children with ALL and 541 Hispanic
controls (� 10% NA genetic ancestry). After adjusting genetic ances-
try to control for population stratification, we observed that 10 SNPs
were significantly associated with ALL in both populations, and five
and three SNPs were significant only in whites and Hispanics, respec-
tively (Table 1 and Data Supplement). In both race groups,
rs10821936 was most significantly associated with ALL (P � 8.4 �
10�20 in whites and P � 1 � 10�6 in Hispanics). Interestingly, the
frequency of the ALL risk allele (allele C) at rs10821936 was higher in
Hispanics (47%) than in whites (33%), consistent with the higher
incidence of ALL in Hispanics.3 In fact, for all 10 SNPs significant
in both populations, the risk alleles were consistently more com-
mon in Hispanics than in whites (Table 1). After correcting for
multiple tests (12 independent SNP clusters with pair-wise

r2 � 0.1; Data Supplement), five SNPs remained significantly as-
sociated with ALL susceptibility in both races, and three were
specific to whites (nominal P � .004).

To determine which ARID5B SNPs independently contribute to
ALL susceptibility, we performed forward selection–based multivari-
ate analyses for SNPs with a trend toward association in univariate
analyses (P � .1; Data Supplement). Thus, SNPs with the strongest
association signal enter the model first, after which the remaining
SNPs compete against each other on the basis of their association
significance after adjusting for polymorphisms already in the model
(Table 2). In whites, rs10821936 was the first SNP that entered the
multivariate model, and none of the remaining SNPs was significant
in the presence of rs10821936. In contrast, in Hispanics, one addi-
tional ARID5B SNP (rs7915732) was independently associated with
ALL susceptibility, even after adjusting for genotype at rs10821936. In
addition, Hispanic individuals carrying more than two copies of risk

Table 1. Association Between ARID5B SNP Genotype and ALL Susceptibility in Whites and Hispanics

SNP ID
Location�

(chromosome 10)
Risk
Allele

Whites† Hispanics†

Risk Allele
Frequency

P OR 95% CI

Risk Allele
Frequency

P OR 95% CIControl Case Control Case

Significant in both whites and Hispanics
rs10821936 63723577 C 0.33 0.48 8.38 � 10�20 1.83 1.60 to 2.08 0.47 0.62 1.00 � 10�6 1.82 1.43 to 2.31
rs7896246 63724390 A 0.33 0.48 1.03 � 10�19 1.83 1.60 to 2.08 0.47 0.61 5.45 � 10�6 1.74 1.37 to 2.20
rs10821938 63724773 A 0.42 0.54 1.47 � 10�14 1.64 1.45 to 1.87 0.54 0.68 2.96 � 10�6 1.80 1.40 to 2.30
rs7923074 63723440 T 0.42 0.54 1.5 � 10�13 1.60 1.41 to 1.82 0.53 0.68 4.69 � 10�7 1.88 1.47 to 2.41
rs10994982 63710104 A 0.50 0.58 2.66 � 10�7 1.39 1.23 to 1.58 0.57 0.70 1.35 � 10�5 1.70 1.34 to 2.16
rs2893881 63688672 C 0.14 0.18 .001 1.33 1.12 to 1.57 0.30 0.34 .0423 1.29 1.01 to 1.65
rs6479778 63689077 T 0.14 0.18 .0029 1.29 1.09 to 1.53 0.29 0.33 .0296 1.32 1.03 to 1.69
rs4948488 63685154 C 0.16 0.20 .0043 1.26 1.08 to 1.48 0.41 0.46 .0345 1.28 1.02 to 1.61
rs4948487 63669865 C 0.51 0.55 .0096 1.18 1.04 to 1.34 0.56 0.59 .0457 1.28 1.00 to 1.62
rs6479779 63695048 C 0.38 0.41 .013 1.17 1.04 to 1.33 0.40 0.46 .0364 1.27 1.02 to 1.59

Significant in Hispanics only
rs2393732 63767229 T 0.03 0.03 .205 1.28 0.88 to 1.86 0.23 0.27 .0126 1.40 1.08 to 1.83
rs17215180 63688728 C 0.53 0.55 .251 1.08 0.95 to 1.22 0.70 0.74 .0181 1.37 1.05 to 1.77
rs2393782 63670859 G 0.12 0.13 .088 1.17 0.98 to 1.41 0.27 0.30 .029 1.32 1.03 to 1.70

Significant in whites only
rs7087125 63773039 A 0.46 0.53 9.22 � 10�6 1.32 1.17 to 1.50 0.43 0.45 .555 1.07 0.85 to 1.35
rs9415636 63826186 C 0.91 0.93 .0015 1.45 1.15 to 1.82 0.95 0.96 .18 1.46 0.84 to 2.54
rs7922394 63666691 T 0.53 0.58 .0025 1.21 1.07 to 1.38 0.59 0.61 .19 1.17 0.92 to 1.49
rs10994983 63712827 C 0.91 0.94 .0031 1.44 1.13 to 1.84 0.97 0.97 .41 1.33 0.68 to 2.61
rs6415872 63660689 G 0.50 0.54 .0049 1.20 1.06 to 1.36 0.55 0.57 .149 1.19 0.94 to 1.51

NOTE. P values � .05 (significant) are shown in bold.
Abbreviations: ALL, acute lymphoblastic leukemia; ID, identification; OR, odds ratio; SNP, single nucleotide polymorphism.
�All chromosomal locations are based on hg19.
†Whites are defined as � 95% European genetic ancestry and Hispanics are defined as � 10% Native American genetic ancestry.

Table 2. Multivariate Analysis of Association of ARID5B SNPs With ALL Susceptibility

Whites Hispanics

SNP ID OR 95% CI P � SNP ID OR 95% CI P �

rs10821936 2.13 1.77 to 2.58 2.19 � 10�15 rs10821936 1.92 1.50 to 2.45 2.14 � 10�7

rs7915732† 2.58 1.27 to 3.52 .0091

Abbreviations: ALL, acute lymphoblastic leukemia; ID, identification; OR, odds ratio; SNP, single nucleotide polymorphism.
�P values indicate association after adjusting for other SNPs in a forward selection–based multivariate model (see Patients and Methods).
†In univariate analyses, rs7915732 was related to ALL susceptibility in Hispanics (P � .059) but not in whites (P � .293).
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alleles at these two SNPs (homozygous for the risk allele for at least one
SNP or heterozygous at both SNPs) were at much higher risk of
developing ALL (OR, 5.83; 95% CI, 2.12 to 16.0) than those carrying
one copy of the risk allele (heterozygous at one SNP; OR, 2.54; 95% CI,
1.61 to 4.02) or those carrying zero copies of risk alleles (homozygous
for nonrisk allele at both SNPs, the reference group), suggesting cu-
mulative effects of these two SNPs on ALL susceptibility. Moreover,
these two SNPs were not in linkage disequilibrium with each other
(r2 � 0.01), suggesting the possibility of multiple causal variants in the
ARID5B gene in Hispanics.

Association Between ARID5B SNP Genotype and ALL

Susceptibility According to ALL Genetic Subtype, Sex,

and Age at Diagnosis

Because ALL consists of multiple subtypes with distinct genetic
and prognostic characteristics, we next examined whether ARID5B
SNP genotype preferentially predisposes to any specific type of ALL.
Patients enrolled on the COG P9904/9905 protocols were divided into
four groups on the basis of chromosomal abnormalities: ETV6-
RUNX1, TCF3-PBX1, hyperdiploidy (DNA index � 1.16), and B
other. Of 18 ALL susceptibility-associated ARID5B SNPs, five were
also associated with ALL subtype in both whites and Hispanics, but
none was related to age at diagnosis or sex (Data Supplement). For
example, in both race groups (Fig 1), the rs10821936 C allele was
significantly more common in hyperdiploid ALL than in ALL with the
TCF3-PBX1 or ETV6-RUNX1 fusion genes (P � .0028 in whites and
P � .013 in Hispanics), similar to previous observations.18,19 Allele
frequency did not differ between boys and girls with ALL, arguing
against any sex-specific effects of this SNP on ALL susceptibility.
Similarly, rs10821936 genotype was not associated with disease onset
(age at diagnosis � 10 years or � 10 years).

Relationship Between ARID5B SNP Genotype and

NA Ancestry

Given the increased allele frequency of ARID5B SNPs in Hispan-
ics (who have a substantial admixture of NA ancestry), we next exam-
ined the relationship between ARID5B SNP genotype and NA genetic
ancestry. In Hispanics, the number of C alleles (risk allele for ALL) at
rs10821936 was positively correlated with the percentage of NA ances-
try at this locus: C allele frequency was 51.3%, 63.3%, and 78.9% in
patients with 0%, 50%, and 100% NA ancestry at rs10821936, respec-
tively (Data Supplement; n � 322; P � 1.8 � 10�8). We also geno-
typed rs10821936 in five different indigenous NA populations in
Guatemala and Mexico, where the proportion of NA ancestry is high,
and we observed substantially higher prevalence of the C allele (52% to
83%) than in whites and Hispanics (Data Supplement). Together,
these results indicate that the higher frequency of the risk allele at
ARID5B SNPs (eg, rs10821936) in Hispanics is likely to result from the
admixture of NA ancestry.

Association of ARID5B SNP Genotype With ALL

Treatment Outcome

Finally, we tested whether ARID5B polymorphisms were related
to treatment outcome in 1,605 children enrolled on the COG P9904/
9905 studies. Of 49 ARID5B SNPs, eight were associated with relapse
(P � .05; Table 3 and Data Supplement), all of which were also
associated with ALL susceptibility in whites and/or Hispanics (Table 1
and Data Supplement). The alleles related to ALL disease susceptibility
were consistently linked to poorer treatment outcome (Table 3). Of
eight SNPs associated with ALL relapse, six were associated with MRD
status at the end of remission induction therapy, and three remained
prognostic after adjusting for MRD (Data Supplement). For example,
the T allele at rs6479778 was more frequent in ALL cases than in
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Fig 1. rs10821936 genotype frequency by acute lymphoblastic leukemia (ALL) subtype, sex, and age at diagnosis. The risk allele (allele C) at rs10821936 was
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controls (P � .0029 in whites and P � .0296 in Hispanics), and
patients carrying the T allele were also at higher risk of ALL relapse
(hazard ratio, 1.48; P � 8.1 � 10�5) and lower overall survival (hazard
ratio, 1.73; P � 4.4 � 10�4; Fig 2). Genotype at rs6479778 was also
associated with MRD (n � 1,481; P � 1.3 � 10�4; Data Supplement).
In a multivariate analysis, rs6479778 exhibited a trend toward associ-
ation with relapse after adjusting for MRD (P � .05), although this
SNP was not prognostic in patients who were negative for MRD.
Forward selection–based multivariate analyses indicated that none of
the other ARID5B SNPs were prognostic after adjusting for rs6479778.
Because the T allele at rs6479778 was more common in Hispanics
(29%) than in whites (14%), this polymorphism is likely to contribute
to the racial disparity in both the incidence and treatment outcome
of ALL.

DISCUSSION

The underlying causes of racial disparities in childhood ALL are likely
to be multifactorial, including both genetic and environmental influ-

ences.14 For example, genetic polymorphisms may give rise to racial
differences in ALL incidence when the prevalence of a common ALL-
predisposing genetic variant differs by race, and/or when genetic vari-
ants are associated with ALL in a race-specific manner. Comparison of
the association of 49 ARID5B SNPs with ALL in whites versus Hispan-
ics revealed both similarities and differences: the majority of the SNPs
most strongly associated with ALL susceptibility (eg, rs10821936)
were common to the two races, strongly arguing for shared causal
variants at this locus. Interestingly, we previously reported that
rs10821936 is also associated with ALL susceptibility in blacks,20 and
the risk allele frequency (16%) was significantly lower compared with
that in whites (33%) and Hispanics (47%). Taken together, there
appears to be a positive correlation between the frequency of the
risk allele at this SNP and ALL incidence among race groups
(blacks�whites�Hispanics; Fig 3). Several SNPs were associated with
ALL in only the white or the Hispanic race (Table 1), suggesting
possible population differences in the linkage disequilibrium of these
SNPs with the causal variants. Further systematic resequencing of this
genomic region in various ancestral groups is warranted to reveal the

Table 3. Association of ARID5B SNP Genotype With Risk of ALL Relapse

SNP ID
Location�

(chromosome 10)

ALL Susceptibility ALL Relapse
Risk Allele

Frequency†

Risk Allele P (White) P (Hispanic) Risk Allele P HR 95% CI White Hispanic

rs6479778 63689077 T .0029 .0296 T 8.1 � 10�5 1.48 1.22 to 1.80 0.14 0.29
rs2893881 63688672 C .001 .0423 C 1.13 � 10�4 1.45 1.20 to 1.75 0.14 0.30
rs4948488 63685154 C .0043 .0345 C 2.6 � 10�4 1.41 1.18 to 1.69 0.16 0.41
rs2393782 63670859 G .0883 .029 G .0087 1.35 1.08 to 1.69 0.12 0.27
rs10821938 63724773 A 1.47 � 10�14 2.96 � 10�6 A .0298 1.20 1.02 to 1.45 0.42 0.54
rs7923074 63723440 T 1.5 � 10�13 4.69 � 10�7 T .0391 1.20 1.01 to 1.43 0.42 0.53
rs6479779 63695048 C .0126 .0364 C .0419 1.20 1.01 to 1.45 0.38 0.40
rs17215180 63688728 C .251 .0181 C .0494 1.22 1.00 to 1.49 0.53 0.70

NOTE. P values � .05 are shown in bold.
Abbreviations: ALL, acute lymphoblastic leukemia; HR, hazard ratio; ID, identification; SNP, single nucleotide polymorphism.
�Chromosomal locations are based on hg19.
†Allele frequency was determined on the basis of non-ALL controls.
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than in controls and more common in Hispanics than in whites. P values were estimated by logistic regression.
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causative polymorphisms and the exact nature of the racial differences
in ALL that are explained by ARID5B. No ARID5B SNPs were signif-
icantly associated with genomic loci previously linked to ALL suscep-
tibility (ie, IKZF1; Data Supplement), suggesting that these genes
independently contribute to ALL pathobiology.

Interestingly, our multivariate analyses identified two ARID5B
SNPs that independently contributed to ALL susceptibility in Hispan-
ics, although a single SNP (rs10821936) almost entirely accounted for
the association signal at this locus in whites. These observations imply
that relationships between genetic variations and ALL susceptibility
should be examined in the context of genetic ancestry. The C allele at
rs10821936 was significantly over-represented in patients with a high
percentage of NA ancestry at this locus and was surprisingly common
in indigenous NA populations, raising the question of whether NAs
are particularly susceptible to ALL. Although there is a paucity of data
specifically assessing the incidence of ALL in NAs, a recent analysis of
Surveillance, Epidemiology, and End Results (SEER) data from five
states in the United States reported a 1.63-fold greater incidence of
ALL in NA children than in whites, although the difference did not
reach statistical significance because of small sample size.4 Interna-
tionally, one of highest incidence rates of childhood ALL occurs in
Costa Rica,36,37 where Mestizos (admixed groups with NA ances-
try) constitute a high proportion of the population. These obser-
vations are of interest but should be interpreted with caution for
several reasons: race/ethnic classification by self-reports, relatively
small size of NA samples, and possible incompleteness of the
cancer registries (particularly in developing countries). It is in-
triguing that the population frequency of this allele somewhat
parallels the order of human migration out of Africa38: the fre-
quency is lowest in blacks (Africa), intermediate in whites and
Asians (Europe and Asia), and highest in Native Americans (the Ameri-
cas). Whether the ARID5B locus has been subject to selection pressure
during human evolution warrants further investigation.39

Finally, one of the most significant findings from this study is that
ARID5B germline SNPs related to ALL susceptibility were also associ-

ated with ALL outcome. To the best of our knowledge, this is the first
report describing the relation between ARID5B and ALL treatment
response in the context of a frontline ALL clinical trial. Further exam-
ination of ARID5B variation in the context of different ALL treatment
regimens is warranted to refine its value as a prognostic marker.
Interestingly, we previously observed that ARID5B SNP genotype is
associated with leukemic cell accumulation of methotrexate metabo-
lites (ie, polyglutamated methotrexate),18 offering a plausible mecha-
nism by which ARID5B is linked to ALL relapse. Together, these
results point to the possibility that leukemogenesis and antileukemic
drug response mechanisms may converge on common pathways.
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